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(54) Multimedia optical disc having improved interactive reproduction procedure, a reproduction 
apparatus and a method for such a disc 



(57) A multimedia optical disk contains a data area 
for recording a plurality of objects. The data area is com- 
posed of a plurality of small areas and one object is re- 
corded over continuous small areas and each small ar- 
ea contains first and second subareas. Animation data 
in a unit of a prescribed period of time and auxiliary video 
data to be reproduced simultaneously with the anima- 
tion data are recorded in the first sub area and the aux- 
iliary video data are a menu picture containing a plurality 
of buttons used for choosing between various display 
modes. Control information is recorded in the second 



subarea and the control information contains button 
control data required for responding to the operation of 
the user when the menu picture in the first subarea in 
the same small area is to be reproduced and supple- 
mentary control data for operating the menu f orthe user. 
When the optical disk is constituted in such a way, the 
response and the interactive feature of the disk can be 
improved, because the disk can be controlled on a small 
area basis, in addition, since the operation of the user 
can be executed by using the supplementary control da- 
ta for each small area, the interactive reproduction ad- 
vancing performance can be improved. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001 ] The present invention relates to an optical disc 
which stores multimedia data, a reproduction appara- 
tus, and a reproduction method for reproducing such an 
optical disc; among them all, especially, to improving re- 
production function in the interactive application. 

(2) Description of the Related Art 

[0002] Laser discs and video CDs are well known as 
optical information storage media and the reproduction 
apparatus for audio information and moving picture in- 
formation. Laser discs are optical discs with a diameter 
of about 30cm storing analogue moving picture data of 
about an hour. They have been often utilized as storage 
media for movies and music videos. However, their size 
is not necessarily optimal in terms of transportation or 
storage, there has been an increasing demand for more 
compact storage media. 

[0003] A video CD was realized by tailoring an audio 
compact disc as follows: a large amount of moving pic- 
ture images were stored onto the compact disc with a 
diameter of 12cm by MPEG (Moving Picture Expert 
Group) system. Even though, a compact disc size was 
realized, resolution of the moving pictures was only 
about 352*240. 

Interactive Application 

[0004] Recently, there is an increasing demand for 
new storage media capable of storing high-quality mov- 
ie applications and also can be used in the field of "in- 
teractive application". Here, the "interactive application" 
has a plurality of reproduction routes and allows the user 
to control the direction that the application takes. Some 
of the examples are: an aerobics software for self-exer- 
cise; and a guide video of an overseas travel. Among 
them all, what is notable is that certain applications 
which are called "interactive movies" have been devel- 
oped, which can be distinguished from the conventional 
movies for the interactive functions. In interactive mov- 
ies, a plurality of stories are stored in parallel. Users de- 
termine the direction in the course of the story at times 
so that they can get the feel of reality and excitement. 
Here is an example of a story about a dragon and a war- 
rior. A dragon suddenly appears in front of the warrior 
and a menu is displayed as follow. Option 1 : Get Away. 
Option 2: Fight. In this way, the direction of the story is 
determined. Reproduction of the story keeps going, 
branching to the screen images which corresponds to 
the user's option. 



Control of the Interactive Application. 

[0005] A conventional interactive application in the 
case of video CD can be explained as follows by means 
5 of Figs. 1 -3. Here is an example of a multistory-detective 
story (multi-story means that there are several possible 
direction of the story). 

[0006] Fig. 1 shows moving pictures 1-5 of the detec- 
tive story, which are arranged according to the order of 
10 reproduction. In moving picture 1, a detective enters a 
room. In moving picture 2, a pen and glasses on a desk 
is zoomed in for close-ups. In moving picture 3, a menu 
is displayed, asking the user to select either "1 : glasses" 
and "2: a pen". In moving picture 4, glasses are zoomed 
15 in for close-ups according to the selection of "1 : glass- 
es". In moving picture 5, a pen is zoomed in for close- 
ups according to the selection of "2: a pen". 
[0007] Fig. 2 is an example showing how the respec- 
tive digital data of moving pictures 1-5 is stored on the 
20 video CD. Aside from the digital data, the video CD 
stores a plurality of reproduction route data which con- 
trols the order of reproduction of moving pictures 1-5. 
Digital data for one moving picture is stored in a series 
of areas. However, the respective digital data should not 
25 necessarily be stored in a series of areas. They can be 
stored on different areas of a disc as shown in Fig. 2. 
[0008] Fig. 3 shows a plurality of reproduction route 
data stored on the video CD. There are two types of re- 
production route data: one is giving reproduction order 
30 to a plurality of moving picture data; and the other is to 
switch branch destination as the reproduction proceeds. 
[0009] The former type is called a "play list", in which 
the reproduction order of the moving pictures is desig- 
nated. Also, the play list includes a piece of link infor- 
ms mation which designates the next reproduction route af- 
ter the reproduction of the designated moving picture 
ends. 

[0010] The latter type is called a "selection list". The 
selection list includes a plurality of reproduction routs as 

^0 branch target candidates and a menu address. The 
menu address is a record address for a menu image that 
provides a plurality of branch targets. The menu image 
includes a plurality of items whose identification num- 
bers correspond to identifiers of reproduction routs as 

45 the branch targets. 

[0011] In Fig. 3 ? reproduction route data 1, 3, and 4 
are play lists, and reproduction route data 2 is a selec- 
tion list. The identification number of each menu item 
corresponds to the numeral key on the remote control 

so panel. When the user presses a numeral key, branch 
occurs to the corresponding destination. 
[0012] How the video CD in Fig. 2 is reproduced by 
its reproduction apparatus can be explained as follows. 
[0013] On designated to start the reproduction, the re- 

55 production apparatus reads the leading reproduction 
route data 1 from the optical disc, and stores it into the 
internal memory. According to the reproduction order of 
the moving picture designated by the reproduction route 
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data 1 , the reproduction apparatus determines the mov- 
ing picture to be reproduced. After that, the reproduction 
apparatus moves a pickup to the position designated by 
the record address of the moving picture, and reads the 
digital data of the moving picture from the optical disc. 5 
The reproduction apparatus converts the digital data in- 
to a picture output signal and an audio output signal 
through a certain signal process, then outputs the sig- 
nals to the display end speaker. 

[0014] After the above processing, the scene of mov- io 
ing picture 1 is reproduced for a few seconds: a detec- 
tive is entering a room in which a desk is placed. When 
the reproduction of moving picture 1 ends, reproduction 
of moving picture 2 starts. The desk is zoomed in for 
close-ups and the pen and glasses are displayed for a 15 
few seconds. When all motion pictures stored in the re- 
production route data are reproduced, by referring to the 
link information of reproduction route data 1 , the repro- 
duction apparatus reads the next reproduction route da- 
ta through the pickup. The reproduction apparatus, 20 
then, discards the reproduction route 1 and optically 
reads the next reproduction data into the internal mem- 
ory. In the case of the present example, instead of the 
reproduction route data 1, the reproduction route data 
2 is stored into the memory. In the present example, as 25 
the newly stored reproduction route data 2 is a selection 
list, a menu which displays a plurality of branch destina- 
tions is displayed. In this case, moving picture 3 is dis- 
played, allowing users to select "1 : glasses" or "2: pen". 
[0015] When the user presses a numeral key on a re- 30 
mote controller corresponding to the item in the menu, 
the reproduction apparatus determines reproduction 
route data which is the branch target corresponding to 
the numeral. After that, the reproduction apparatus dis- 
cards the reproduction route 2 and optically reads the 35 
determined reproduction data into the internal memory. 
In the present example, the reproduction route data 3 is 
read into a memory if the user selects item "1 ;"; repro- 
duction route data 4 if the user selects item "2". 
[0016] The reproduction apparatus continues the re- *o 
production according to the new reproduction route data 
stored in the memory. If the reproduction route data 3 is 
stored in the memory, moving picture 4, an image of 
close-up glasses, is reproduced. If the reproduction 
route data 4 is stored in the memory, moving picture 5, 45 
an image of close-up pen, is reproduced. 
[0017] When the reproduction apparatus continues 
the above mentioned operations to the optical disc, 
moving pictures are reproduced, with the route being 
changed according to the user's selection of the menu 50 
item. As the user can control the direction of the inter- 
active software in a various way, he/she can get the feel 
of being the detective in the story. 

The Task That the Present Invention is going to Solve 55 

[0018] However, the interactive application men- 
tioned above has the following shortcomings. 



(1) Response in Interaction 

[0019] In order to realize a branch of a video CD, the 
optical pickup alternatively has to read the moving pic- 
tures and the reproduction route data: e.g. moving pic- 
ture 2, reproduction route data 2, moving picture 3, re- 
production route data 3 or 4, moving picture 4 or 5. 
Switching the readout of the moving picture and repro- 
duction route data entails seek of the pickup, which 
causes interruption in the course of reproduction of the 
program. Especially, if the branch should occur many 
times, response of the interactive reproduction deterio- 
rates greatly, which makes the interactive application 
less appealing to the user. 

[0020] As mentioned above, it has been difficult to re- 
alize a responsive interactive application so that the 
smooth reproduction of the program is kept going. 

(2) A Menu 

[0021] If the user does not designate the selection 
item on the menu screen (branch point of the reproduc- 
tion), it creates a pause in the course of reproduction. 
In the case of the foregoing story of the dragon and the 
sword, the moment the dragon appears above the hori- 
zon, a menu of "Get Away" and "Fight" is displayed. 
Here, if the user has some hesitation to determine which 
course to take, the reproduction is paused. Like this, ac- 
cording to the conventional interactive software, normal 
reproduction was not realized unless the user does not 
get devoted to the pursuit of the story or he/she cannot 
select the direction of the story at the branch point. 

SUMMARY OF THE INVENTION 

[0022] It is an object of the present invention to pro- 
vide a multimedia optical disc and a reproduction appa- 
ratus for the disc which can achieve highly-responsive, 
highly-interactive, and efficient reproduction of an appli- 
cation using simplified menu operation by the user. In 
other words, smooth reproduction of the application 
keeps going by the user's simple and proper operation 
depending on the contents of the application when 
branch should occur. 

[0023] It is another object of the present invention to 
provide a multimedia optical disc and a reproduction ap- 
paratus forthe disc which realize the best operation that 
satisfies the user's preference or wish depending on the 
contents of the story or the scenes at the points of 
branching. 

[0024] The objects can be achieved by the optical disc 
characterized by the following constructions. 

(1 ) A multimedia optical disc comprising a data area 
for storing at least one object that has sub-picture 
data and moving picture data, wherein the data area 
includes a plurality of small areas, each of which 
includes a first sub-area and a second sub-area, 
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with the object in the data area being stored over 
consecutive small areas; the first sub-area stores 
the moving picture data having a certain time period 
and the sub-picture data being reproduced at the 
same timing as the moving picture data, the sub- 5 
picture data being a menu image which includes a 
plurality of buttons for showing menu items for dis- 
play; and the second sub-area stores control infor- 
mation including button control data for responding 
to a user's operation applied onto a menu image re- 10 
produced in the first sub-area in the same small ar- 
ea and auxiliary control data for substituting the us- 
er's operation applied onto the menu. 

According to the above construction, as the vid- 
eo object comprises the sub-picture data for show- 15 
ing the menu including a plurality of buttons, the but- 
ton control data and the auxiliary control data by the 
small area, high responsiveness and excellent in- 
teractiveness can be realized by the unit of small 
area. Also, efficiency of reproducing the interactive 20 
application improves as the auxiliary control data 
can substitute for the user's operation by the unit of 
small area. 

(2) The button control data may include a selection 25 
color for coloring one of the buttons in a selected 
state, an activation color for coloring one of the but- 
tons in an activated state, and a command for each 
button, the command being executed when the but- 
ton is placed into an activated state; and the auxil- 30 
iary control data may include an end time of the us- 
er's operations applied onto the menu and forcedly 
activating button information showing a button 
which should be forcedly placed into the activated 
state at the end time. 35 

According to the above construction, even if the 
button is not activated by the user's operation at the 
point of branching during reproduction, the repro- 
duction of the application keeps going in accord- 
ance with the intention of the application creator due 40 
to the forcedly activated button information. Then, 
even if the user is not used to an interactive appli- 
cation, the reproduction continues automatically. 
Moreover, the reproduction apparatus can repro- 
duce the application as an interactive movie or an 45 
ordinary movie according to the user's wish. 

(3) The forcedly activated button information may 
designate at least one of a button having a specific 
button number as a forcedly activated button and a so 
button in the selected state at the end time. 

(4) The button control data may include a selection 
color for coloring one of the buttons in a selected 
state, an activation color for coloring one of the but- 55 
tons in an activated state, and a command for each 
button, the command being executed when the but- 
ton is placed into an activated state; and the auxil- 
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iary control data may include automatic activation 
button information for specifying which button 
should be forcedly placed into an activated state 
when a user's operation for placing the button into 
the selected state is applied. 

According to the above constructions, by set- 
ting the automatic activation button, it is possible to 
reduce the two-fold operations of selection and ac- 
tivation into a single operation. This is especially ef- 
fective when highly responsive menus are desired. 

(5) The auxiliary control data may include prohibi- 
tion information which shows which buttons should 
not be inputted with the numeral key by the user; 
the prohibition information may be a threshold; and 
input with the numeral key by the user may be pro- 
hibited regarding the buttons having greater button 
number than the threshold. 

According to the above construction, by setting 
two types of buttons, one of which can be selected 
by numerals and the other cannot, misoperations 
by the user can be prevented. Moreover, numeral 
keys and arrow keys can be jointly used depending 
on the story and scene at the points of branching. 

(6) The sub-picture data in the first sub-areas in a 
given section of an object may constitute one still- 
image to be superimposed with the moving picture 
data; and the auxiliary control data may include ad- 
dress information which shows storage position of 
the first small area in the given section in order to 
return to the original data after branch to another 
object occurred. 

According to the above construction, when a 
still image like a menu image is stored by the lead- 
ing sub-picture data in a given section and the still 
image is still being reproduced in the small area af- 
terwards, it is possible to resume the reproduction 
from the original sub-picture data after temporarily 
calling other video data. 

The foregoing objects can be achieved by the 
reproduction apparatus characterized by the follow- 
ing constructions. 

(7) A reproduction apparatus for reproducing a mul- 
timedia optical disc comprising a data area for stor- 
ing a plurality of objects, each having sub-picture 
data and moving picture data, wherein the data area 
may include a plurality of small areas, each of which 
includes a first sub-area and a second sub-area, 
with the object in the data area being stored over 
consecutive small areas; the first sub-area may 
store the moving picture data having a given time 
period and the sub-picture data being reproduced 
at the same timing as the moving picture data, the 
sub-picture data being a menu image which in- 
cludes a plurality of buttons for showing menu items 
for display; and the second sub-area may store con- 
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trol information including button control data for re- 
sponding to a user's operation applied onto a menu 
image reproduced in the first sub-area in the same 
small area and auxiliary control data for substituting 
the user's operation applied onto the menu, the re- 5 
production apparatus comprising: a readout device 
for reading data on the multimedia optical disc; a 
reproduction device for reproducing the moving pic- 
ture data and sub-picture data in the first sub-area 
read by the readout device and outputting the mov- 10 
ing picture data and sub-picture data as a video sig- 
nal for display; a reception device for receiving a 
user's operation applied onto the menu by the sub- 
picture data; a first control device for responding to 
the user's operation according to the button control 15 
data read from the second sub-area by the readout 
device; and a second control device for substituting 
for the user's operation according to the auxiliary 
control data read from the second sub-area by the 
readout device. 20 

According to the above construction, as the vid- 
eo object comprises the sub-picture data for show- 
ing the menu including a plurality of buttons, the but- 
ton control data and the auxiliary control data by the 
unit of small area, the first control device achieves 25 
highly-responsive, highly-interactive, and excellent 
reproduction by the small area. Also, efficiency of 
reproducing the interactive application improves as 
the second control device can substitute for the us- 
er's operation accordingto the auxiliary control data 30 
by the unit of small area. 

(8) The forcedly activating device may place the 
button into the activated state if the forcedly activat- 
ed button information shows the button number, 35 
and may place the button in the selected state into 

the activated state at the end time if not so. 

According to the above construction, even if the 
button is not activated by the user's operation at the 
point of branching during reproduction, the timer de- 40 
vice and the forcedly activating device reproduce 
the application in accordance with the intention of 
the application creator due to the forcedly activated 
button information. Then, even if the user is not 
used to an interactive application, the reproduction 45 
continues automatically. 

(9) The auxiliary control data may include automatic 
activation button information which specifies a but- 
ton forcedly placed into the activated state when the so 
user's operation for placing the button into the acti- 
vated state is applied, the first control device com- 
prising: a holding device for holding button number, 
selection color, activation color, command for each 
button, end time, and forced button number by an- 55 
afyzing control information every time the second 
sub-area is read by the readout device; a button 
control device for controlling change of state of each 



button according to the user's operation received by 
the reception device; a button display control device 
for instructing the reproduction device on the selec- 
tion color and the activation color of the button on 
the menu image; and an execution device for exe- 
cuting the command of the button placed into the 
activated state, and the second control device com- 
prising a "selected=activated" device for placing the 
button placed into the selected state from the non- 
selected state by the button control device into the 
activated state. 

According to the above construction, by setting 
an automatic activation button, it is possible to re- 
duce the two-fold operations comprising selection 
and activation into a single operation. 

(10) The auxiliary control data may include prohibi- 
tion information that shows which buttons should 
not be inputted with the numeral key by the user, 
and the second control device comprising a prohi- 
bition device which prohibits change to the selected 
state by the button control means if the numeral key 
is related to the prohibition by the prohibition infor- 
mation when the user's operation received by the 
reception device is operating a numeral key. 

According to the above construction, by setting 
two type of buttons, one of which can be selected 
by numerals and the other cannot, misoperations 
by the user can be prevented. Moreover, numeral 
keys and arrow keys can be jointly used depending 
on the story and scene at the points of branching. 

(11) The sub-picture data in the first sub-areas in a 
given section of the object may constitute a still im- 
age to be superimposed with the moving picture da- 
ta; and the auxiliary control data may include ad- 
dress information which shows storage position of 
the first small area in the given section in order to 
return to the original data after branch to another 
object occurred, the first control means comprising: 
a holding device for holding button number, selec- 
tion color, activation color, command for each but- 
ton, end time, and forced button number by analyz- 
ing control information every time the second sub- 
area is read by the readout device; a button control 
device for controlling change of state of each button 
according to the user's operation received by the 
reception device; a button display control device for 
instructing the reproduction device on the selection 
color and the activation color of the button on the 
menu image; and an execution device for executing 
the command of the button placed into the activated 
state, and the second control means comprising: a 
detection device for detecting that the user's oper- 
ation received by the reception device is a designa- 
tion of temporary reproduction of another object; a 
call device for storing the address information and 
designates the reproduction device to reproduce 
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another object when the reproduction designation 
is detected; and a resume device for resuming re- 
production of the object based on the stored ad- 
dress information after the reproduction of another 
object is completed. 

According to the above construction, when a 
still image like a menu image is stored by the lead- 
ing sub-picture data in a given section and the still 
image is still being reproduced in the small area af- 
terwards, it is possible to resume the reproduction 
from the original sub-picture data after temporarily 
calling other video data. 

The foregoing objects can be achieved by the 
reproduction method of the following construction. 

(12) A reproduction method for reproducing multi- 
media data comprising a plurality of objects, each 
having sub-picture data and moving picture data, 
wherein the multimedia data may include a plurality 
of small data, each of which includes a first sub-data 
and a second sub-data, with the object being con- 
structed over consecutive small data; the first sub- 
data may include the moving picture data having a 
given time period and the sub-picture data being re- 
produced at the same timing as the moving picture 
data, the sub-picture data being a menu image 
which may include a plurality of buttons for showing 
menu items for display; and the second sub-data 
may include control information including button 
control data for responding to a user's operation ap- 
plied onto the menu image reproduced in the first 
sub-data in the same small area and auxiliary con- 
trol data for substituting the user's operation applied 
onto the menu, the reproduction method comprising 
the steps of: inputting the multimedia data via a data 
obtaining unit; making a decoder reproduce the 
moving picture data and sub-picture data in the in- 
putted first sub-data and outputting the moving pic- 
ture data and sub-picture data as a video signal for 
display; receiving the user's operation applied onto 
the menu by the sub-picture data; first controlling 
the data obtaining unit and the decoder so that the 
reproduction apparatus responds to the received 
user's operation according to the button control data 
in the inputted second sub-data; and 

second controlling the data obtaining unit and 
the decoder so that the reproduction apparatus sub- 
stitutes for a given user's operation according to the 
auxiliary control data in the inputted second sub-da- 
ta. 

[0025] According to the above construction, as the 
video object comprises the sub-picture data for showing 
the menu including a plurality of buttons, the button con- 
trol data and the auxiliary control data by the unit of small 
area, the first control device realizes high responsive- 
ness and excellent interactiveness by the unit of small 
area. Also, efficiency in reproducing the interactive ap- 



10 

plication improves as the second control device can 
substitute for the user's operation according to the aux- 
iliary control data by the unit of small area. 



[0026] These and other objects, advantages and fea- 
tures of the invention will become apparent from the fol- 
lowing description thereof taken in conjunction with the 
10 accompanying drawings which illustrate a specific em- 
bodiment of the invention. In the drawings: 

Fig. 1 shows moving pictures 1 -5 of a detective sto- 
ry, which are arranged according to the order of re- 
15 production in the conventional art; 

Fig. 2 is an example showing how the respective 
digital data of moving pictures 1-5 is stored on the 
video CD in the conventional art; 
Fig. 3 shows a plurality of reproduction route data 
20 stored onto the video CD in the conventional art; 

Fig. 4 shows an appearance, a cross-section, an 
enlarged cross section, and pit shapes of the DVD; 
Fig. 5 shows the entire data construction stored on- 
to the DVD. 

25 Fig. 6 shows internal construction of each Video Ti- 
tle Set in Fig. 5; 

Fig. 7 shows the data construction of the highlight 
information in a PCI packet; 
Fig. 8 shows data format of a video pack; 
30 Fig. 9 shows data format of an audio pack; 

Fig. 1 0 sows data format of a sub-picture data pack; 
Fig. 11 shows data format of a management pack; 
Fig. 12 shows an example of a menu image by the 
sub-picture data; 
35 Fig. 13 is more detailed hierarchical data construc- 

tion the management pack; 

Fig. 14 shows more detailed data construction of 
the button color information and button information 
in the management pack; 
40 Fig. 15 shows concrete examples of instructions 

used as button commands, each command set for 
each button; 

Fig. 1 6 shows hierarchical data construction of the 
Video Title Set management information in the each 
45 Video Title Set in Fig. 5; 

Fig. 1 7 is for explanation of a PGC; 

Fig. 1 8 is an appearance of the reproduction system 

in the present embodiment; 

Fig. 19 is an example of key arrangement on a re- 
50 mote controller; 

Fig. 20 is a block diagram showing the entire con- 
struction of a reproduction apparatus; Fig. 21 is a 
block diagram showing construction of a system de- 
coder; 

55 Fig. 22 is a block diagram showing construction of 

a system control unit; 

Fig. 23 is a concrete example of a button state trans- 
fer table; 
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Fig. 24 is a block diagram showing construction of 
sub-picture image decoder; 
Fig. 25 is a flowchart showing outline of processing 
of reproduction control by the system control unit; 
Fig. 26 is a detailed flowchart of reproduction pro- 
cedure of a program chain group in Fig. 25; 
Fig. 27 is a flowchart showing VOB reproduction 
control processing in Fig. 26; 

Fig. 28 is a flowchart showing outline of highlight 
processing in Fig. 27; 

Fig. 29 is a more detailed flowchart showing button 
initial state activation processing in Fig. 28; 
Fig. 30 is a more detailed flowchart showing high- 
light display processing in Fig. 28; 
Fig. 31 is a more detailed flowchart showing high- 
light end processing in Fig. 31 ; 
Fig. 32 is a more detailed flowchart showing button 
activation processing in Fig. 31 : 
Fig. 33 is a more detailed flowchart showing button 
state transfer processing in Fig. 28; 
Fig. 34 is a flowchart showing call and return 
processing of the system menu; 
Fig. 35 is an example of an interactive title; 
Fig. 36 is an example of an interactive title; 
Fig. 37 explains a program chain; and 
Fig. 38 is a flowchart showing production method of 
an optical disc. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Physical Construction of the Multimedia Optical Disc 

[0027] Physical construction of the multimedia optical 
disc (hereinafter referred to as DVD: Digital Video Disc) 
of the present embodiment can be explained as follows. 
Fig. 4 shows an appearance, a cross-section, an en- 
larged cross -section, and pit shapes of the DVD. 
[0028] The DVD has a diameter of 120mm, which is 
the same size as CDs. 

[0029] Starting from the bottom, DVD 107 is formed 
of a first transparent substrate 108 of 0.6mm in thick- 
ness, an information layer 109 which is made of a re- 
flective film like a metal thin film, a binding layer 110, a 
second transparent substrate 111 , and a print layer 112 
on which a label is printed. 

[0030] The print layer 112 is not a requisite for the 
DVD 1 07. The second transparent substrate 1 1 1 can be 
unprotected. 

[0031] The lower surface of the DVD 1 07 is a read- 
out surface A: a light beam 113 is shone onto it so that 
information is reproduced. The upper surface of the 
DVD 1 07 is a rear surface B, which is formed by the print 
layer 112. 

[0032] As shown in Fig. 4, the surface of the first trans- 
parent substrate 1 08 in contact with the information lay- 
er 109 has pits and projections. Information is stored by 
changing the length and interval of the pits. In other 
words, the information layer 109 has the pits and pro- 
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jections. The length of a pit ranges from 0.4 mu m to 
2.1 3 mu m. A whole series of pits form a spiral track with 
a radial distance of 0.74 mu m. Compared to the con- 
ventional CDs, the length of pits are shorter and truck 
5 pitch is narrower, thereby increasing the storage densi- 
ty- 

[0033] The read-out surface A is flat. The second 
transparent substrate is a reinforcer of the same mate- 
rial as the first transparent substrate 108, having 0.6mm 
10 thickness. 

[0034] The light beam 113 from a light head (not illus- 
trated) passes through the read-out surface A and it is 
focused onto the information surface 109. The point of 
the focus is then called the light spot 104. As the phase 
15 of the reflection of the pit is different from that of the non- 
pit areas, reflection ratio decreases as a result of the 
optical interference. As the interference does not occur 
in the non-pit areas, reflection ratio increases. Due to 
the change of the reflection ratio, information is repro- 
ve duced. 

[0035] The light spot 114 on a DVD has a diameter of 
around 1/1.6 times the diameter of a light spot on the 
foregoing conventional CDs due to the large numerical 
aperture NA of the objective lens and small wavelength 
25 lambda of the light beam. 

[0036] The DVDs of the physical construction de- 
scribed above can store about 4.7GB of information on 
one side, which is almost eight times the storage capac- 
ity of the conventional CDs. 

30 

Data Construction the DVD 

[0037] The whole data construction stored on the 
DVD can be explained as follows. 

35 [0038] Fig. 5 shows the entire data construction of the 
DVD: a spiral track reformed into a rectangle. As is ap- 
parent from this figure, the data is composed of a lead- 
in area, volume area, and lead-out area arranged from 
the center to the edge of the disc. The lead-in area 

40 stores operation stabilization data which is used when 
the DVD player starts reading data from the optical disc. 
The lead-out area informs the reproduction apparatus 
of the end of reproduction of the data. The volume area 
stores various data which make up an application: phys- 

45 ically speaking, it is composed of a lot of logical blocks 
(sectors) in the shape of a spiral track on the disc. Each 
logical block is 2KB and is identified by its block number 
(sector address). This logical block size is the minimum 
read unit of the reproduction apparatus. 

so [0039] The volume area includes a volume manage- 
ment area and a file area. 

[0040] For the volume management area, blocks that 
are necessary for management of the entire disc is al- 
located. Conforming to ISO (International Standards Or- 
55 ganization) 1 3346, the volume management area stores 
information showing the relation between a plurality of 
file names and addresses of groups of logical blocks. 
[0041] The file area stores one Video Manager and at 
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least one Video Title Set. In the present embodiment, 
the Video Manager and the Video Title Set are treated 
as one file, respectively, as it is convenient for explana- 
tion; actually, they are stored in the consecutive files on 
the track. The reason can be explained as follows. In 
the case of storing movies, as the file capacity becomes 
too large, it is preferable to divide the information into a 
plurality of consecutive files in order to realize easy man- 
agement of the reproduction apparatus. 
[0042] Each Video Title Set stores a Title Set. More 
specifically, it stores a plurality of video objects (VOBs), 
each showing fragments of the moving picture, audio, 
and still picture of an application such as an interactive 
movie; and reproduction management information. An 
example of the Title Set is a general term of a movie 
application in which three versions of the same movie 
are included, namely, an original cutting version, a theat- 
er version, and a TV version. In this case, many VOBs 
are shared by each of the three version and some VO Bs 
are specific to any of them. The Video Title Sets store 
both types of VOBs. Due to the large storage capacity 
of about 4.7Gbyte, the DVD can store a plurality of Video 
Title Sets so that a plurality of interactive applications 
can be stored such as movies and interactive movies. 
[0043] The Video Manager manages the entire disc: 
specifically, a plurality of VOBs and reproduction man- 
agement information are stored. The data construction 
of the Video Manager is the same as that of the Video 
Title Set. However, the Video Manager is used for spe- 
cial purposes. Specifically, the Video Manager manages 
Title Sets of the entire disc. Therefore, the Video Man- 
ager stores a VOB/VOBs for system menu for selecting 
the Title Set desired by the user at the outset of the re- 
production or setting/changing reproduction manage- 
ment of the Title Set of the entire volume. 

Data Construction of the Video Title Set (Part 1) 

[0044] Fig. 6 shows the internal construction of each 
Video Title Set shown in Fig. 5. The Video Title Set in- 
cludes a set of Video Objects (VOBs) and the Video Title 
Set management information that manages the repro- 
duction route of the Video Objects (VOBs). 
[0045] The VOB set is composed of all VOBs of a Title 
Set; that is, VOBs shared by a plurality of titles and 
VOBs specific to some of the titles. Each VOB is com- 
posed of the following data which is performed inter- 
leaved: moving picture data (video) of a given time unit, 
which is called GOP (Group of Picture); a plurality of au- 
dio data to be reproduced along with the moving picture; 
a plurality of sub-picture data to be reproduced along 
with the moving picture; and a management pack for 
managing all the foregoing data. As shown in Fig. 6, a 
VOB Unit (hereinafter referred to as VOBU) consists of 
a management pack, moving picture data which corre- 
sponds to the GOP, a sets of audio data, and a sets of 
sub-picture data. The sets of audio data and the sets of 
sub-picture data are selectively reproduced by the re- 



production apparatus. 

[0046] A set of audio data "Audio A", "Audio B", and 
"Audio C M can store different kinds of audio: such as 
voices of different languages such as Japanese and 

5 English; and female voice and male voice. 

[0047] A set of sub-picture data "SP A", "SP B", are 
still pictures that are superimposed along with the mov- 
ing picture. For example, subscripts of different lan- 
guages can be stored. Other than the subscripts, menus 

10 are another important use of the sub-picture data. 
Therefore, at least a set of the sub-picture data can be 
used for storing the menu image of an interactive appli- 
cation. 

[0048] The management pack has 2KB data. It stores 
*5 information which manages data of each VOBU. The 
management pack includes highlight information for 
managing the button display in the menu image of the 
sub-picture data and menu operations. Coupled with the 
menu image by the sub-picture data, this highlight infor- 
20 mation enhances the user's feeling of interactiveness 
on a VOBU basis. 

Data Construction of VOB 

25 [0049] Fig. 7 shows more detailed data construction 
of a VOB. It shows how different kinds of material data 
are multiplexed into a VOB by interleaving. 
[0050] The elementary streams (1)-(6) are material 
data to be multiplexed into a VOB. 

30 [0051] The elementary stream (1 ) is a moving data 
compressed in accordance with MPEG 2, and it is mul- 
tiplexed into each VOBU on a GOP basis by interleav- 
ing. Here, the GOP is a compressed moving picture data 
of about 0.5 second including at least I picture (Intra pic- 

35 ture). A GOP is stored in a VOBU. 

[0052] The elementary streams (2)-(4) are audio data 
(audio A-C channels), each corresponding to the mov- 
ing picture data mentioned above. Part of each audio 
channel which almost corresponds to the GOP of mov- 

40 ing data in terms of time is stored into the same VOBU 
as the moving picture. 

[0053] The elementary streams (5)-(6) are sub-pic- 
ture data (sub-picture A, B channel) corresponding to 
the above moving data. Part of each sub-picture data 

45 corresponding to the GOP of the moving picture data is 
stored into the same VOBU as the moving picture data. 
[0054] In the multiplexed VOB, each of "video 1 ", "au- 
dio A-1 ", "audio B-1 ... l, SP A-1 ", and "SP B-1 " is stored 
as a collection of 2KB packs. For example, "video 1 " is 

50 stored as a collection of packs corresponding to one 
GOP. The reason of the packing is that the size is the 
same as the logical block (sector) of 2KB of DVD and it 
is the minimum read unit of the reproduction apparatus. 

55 Data Format of Each Pack 

[0055] The following is more detailed explanation on 
data format of each pack and management pack that 
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constitute the moving picture data, audio data, and sub- 
picture data in the VOBU. 

[0056] Each pack shown in Figs. 8-11 includes one 
packet called PES (Packetized Elementary Stream). 
Each pack consists of a pack header, a packet header, 5 
and a data field, having 2KB. As to the pack header and 
the packet header, points stipulated by MPEG are omit- 
ted here. Only information on identifying types of the 
pack is explained. According to the present embodi- 
ment, in order to identify the audio data, sub-picture da- 10 
ta, and management pack, special packets are used. 
They are stipulated by MPEG 2 as private packets 1 and 
2. A private packet is a packet whose contents can be 
defined in any way. In the present embodiment, the pri- 
vate packet 1 is defined as audio data and sub-picture 15 
data; and private packet 2 is defined as a management 
pack. 

[0057] Fig. 8 shows the data format of the pack which 
will be the constituent of video 1 of Fig. 7 (hereinafter 
referred to as video pack). The video pack includes a 20 
pack header, a packet header, and a data field in which 
a part of the GOP is written . The stream ID (for example 
"1110 000 M ) in the packet header is the representation 
of the video pack. 

[0058] Fig. 9 shows the data format of the pack which 25 
will be the constituent of "audio A-1 " in Fig. 7 (hereinafter 
referred to as audio pack). The audio pack includes a 
pack header, packet header, and data field in which au- 
dio data is written. Stream ID "1011 1111" of the packet 
header represents the private packet 1 . In the sub- 30 
stream ID "10100XXX, 1000XXX" in the data field, the 
upperfive bits shows audio data and the coding method, 
and the lower three bits shows which channel is used. 
[0059] Fig. 1 0 is a data format of the pack which is the 
constituent of U SP A=1" in Fig. 7 (hereinafter referred to 35 
as sub-picture pack). The audio pack consists of the 
pack header, packet header, and data field in which au- 
dio data is written. The stream ID "1011 1101" repre- 
sents the private packet 1 . In the sub-stream ID of the 
data field "1 01 00XXX, 1 0OOXXX", the upper three bits 40 
show sub-picture data and coding method, and the low- 
er five bits show which channel is used. 
[0060] Fig. 11 is the data format of the management 
pack. The management pack comprises a pack header, 
PCI packet (Presentation Control Information Packet), 45 
DSI packet (Data Search Information Packet). The data 
stream ID "1011 1111" of the packet header shows pri- 
vate packet 2. In the data field, the sub-stream ID "0000 
0000" represents PCI packet, and the sub-stream ID 
"0000 0001" represents DSI packet. so 
[0061] In the DSI packet, sets of information is stored 
for managing synchronization of the moving picture in- 
formation and audio information, and information for re- 
alizing special reproduction, such as fast-forwarding 
and rewinding. Such information sets include return ad- 55 
dress information showing a start position of VOBU 
which includes the outset of the sub-picture data. The 
return address is used in order to resume reproduction 
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of the application after branch to the system menu 
caused by the user's pressing down a MENU key on a 
remote controller in the course of the reproduction of the 
application. In the system menu, the audio streams and 
sub-picture streams can be switched. 
[0062] The PCI packet stores the highlight information 
for realizing interaction between the application and the 
user. The highlight information includes management 
information for responding to the user's operation when 
the menu image is reproduced by the sub-picture data 
in the same VOBU, and auxiliary management informa- 
tion for substituting the user's operation for the menu. 
Here, the user's operation is performed by using cursor 
keys (arrow keys), ten keys, enter key on the remote 
controller of the reproduction apparatus. More specifi- 
cally, the highlight information can be explained by 
means of the menu image example in Fig. 12. In this 
menu image, the following five menu items are dis- 
played: 1-golf; 2-ski; 3-tennis; 4-canoe; go to the next 
menu. The highlight information for this menu image in- 
cludes that there are five buttons and that the manage- 
ment information showing each button's selection color 
and activation color, and commands to be executed 
when each button is activated. In addition to that, as aux- 
iliary management information mentioned above, the 
highlight information includes management information 
showing a button to be forcedly activated when the us- 
er's operation is not applied, buttons to be activated at 
the same time selection occurs, and a button by which 
selection by the ten key is prohibited. 

Data Construction of the Management Pack 

[0063] Fig. 13 shows more detailed hierarchical data 
construction of the management pack. Fig. 11 shows 
that the management pack has a PCI packet and a DSI 
packet. As is already explained, PCI includes highlight 
information. 

Outline of Data Construction of the Highlight Information 

[0064] In Fig. 13, highlight information in the PCI in- 
cludes: highlight general information, button color infor- 
mation for changing the display color of the button in the 
menu, and button information for defining contents of 
each button. Here, the highlight display is a kind of dis- 
play by which the button selected or activated out of the 
menu buttons appear in a different color. This makes it 
possible to realize a menu display according to the us- 
er's operation state. 

Detailed Data Construction of the Highlight Information 

[0065] As shown in Fig. 13, the highlight general in- 
formation includes a highlight state, highlight start time, 
highlight end time, button selection end time, all button 
number, numeral selection possible button number, 
forcedly selected button numbers, and forcedly activat- 
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ed button number. The highlight state shows the follow- 
ing: whether a button exists or not in the video display 
section (VOBU) of about 0.5 second targeted by the PCI 
packet, and if so, whether the content is the same as 
the one of the highlight information of the preceding PCI 5 
packet. 

[0066] For example, the highlight state is shown by 
the following two bits. 

[0067] The highlight state "00" means that a button on 
the menu does not exist in the video display area of the 10 
VOBU. 

[0068] The highlight state "01" means that a new but- 
ton exists. 

[0069] The highlight state "10" means that the button 
is the same as the one of the preceding VOBU. 15 
[0070] The highlight state "11" means that the button 
is the same as the one of the preceding VOBU except 
for the highlight command. 

[0071] Thehighlightstarttime, highlight end time, and 
button selection end time show the start time of the high- 20 
light display, end time of the highlight display, and end 
time by which the button selection is possible, respec- 
tively. These times start from the reproduction start time 
of the VOB. In the reproduction apparatus, as the stand- 
ard clock for the entire reproduction operation, system 25 
time is measured, with the beginning being the repro- 
duction start time of the VOB. Due to such times, the 
reproduction apparatus can synchronize the display of 
the menu image by the sub-picture data and the high- 
light display for the menu display. 30 
[0072] All button number show the number of buttons 
being used, which is up to 36. Each button is assigned 
a button number out of that numeral range. 
[0073] The numeral selection possible button number 
allows selection of numerals under the following condi- 35 
tion: for example, when u j" is set, selection is allowed 
only when numerals between the range from 1 to j are 
inputted; in other words, regarding buttons having the 
number above j, selection by the numeral key is prohib- 
ited. 40 
[0074] The forcedly selected button number shows 
that the initially selected button when the highlight dis- 
play starts. When the forcedly selected button number 
is "0" meaning "invalid", it means the forcedly selected 
button does not exist at the initial stage. In that case, 45 
the selected button number stored in the reproduction 
apparatus is used. 

[0075] The forcedly activated button number shows 
the button number which should be automatically acti- 
vated when none of the buttons are selected when the 50 
button selection possible section ends. The numeral 
"63" and "0" are magic numbersthat are not button num- 
bers. In other words, "0" means not specified (invalid) 
as well as the forcedly selected button number, and "63" 
means the forcedly activated button which is in the se- 55 
lected state at the button selection end time without 
specifying a specific button number. In this way, the 
menu used in the interactive movie application makes it 



possible to continue the reproduction without causing 
interruption even if there is no user's activation. 

Detailed Data Construction of the Button Color 
Information 

[0076] Fig. 1 4 shows detailed data construction of the 
button color information and button information. 
[0077] The button color information includes button 
color information 1, button color information 2, and but- 
ton color information 3. Three types of button colors are 
prepared for each button on the menu and one of them 
is activated for each button . I n the present embodiment, 
the number of usable buttons is 36 at the most. As it is 
not efficient to allocate different colors to all the buttons, 
each button is allocated one of the button color informa- 
tion 1 , button color information 2, and button color infor- 
mation 3. 

[0078] Each of the button color information 1-3 com- 
prises selection color information and activation color in- 
formation. 

[0079] The selection color information shows colors 
to be displayed when a button is selected by an arrow 
key (the button is in the selected state). The selection 
color information includes an emphatic color code 1 , 
emphatic color code 2, pattern color code, and back- 
ground color code. Fig. 12 shows how the four colors 
are employed. Suppose that "4-canoe" button is in the 
selected state. The box enclosing "4" is displayed by the 
emphatic color code 1 . The box enclosing "4-canoe" is 
displayed by the emphatic color code 2. The letter of 
"4-canoe" is displayed by the pattern color code. The 
background of the letter is displayed with the back- 
ground color. 

[0080] The activation color information shows a color 
to be displayed when the button in the selected state is 
put into the activated state. As well as the selection color 
information, the activation color information consists of 
the emphatic color code 1 , emphatic color code 2, pat- 
tern color code, and background color code. 
[0081] How each color code and menu button corre- 
spond to each other can be explained as follows. 
[0082] The menu image by the sub-picture data is im- 
age data, each pixel being two bits. The two-bit code of 
each pixel designates one of the emphatic color 1 , em- 
phatic color 2, pattern color, and background color. The 
following is an example of a bit assignment. 
[0083] The two bit code "00" shows background color 
(pixels of the background). 

[0084] The two bit code "01 " shows pattern color (pix- 
els that constitute characters). 

[0085] The two bit code "1 0" shows emphatic color 1 
(a box enclosing the button, one of the double boxes). 
[0086] The two bit code "11" shows emphatic color 2 
(The other of the double boxes). 

[0087] The emphatic color code 1, emphatic color 
code 2, pattern color code, and background color code 
in the button color information are used for converting 
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the 2-bit-code specified for every pixel of the sub-picture 
data into the actual color data specified by the 24 bits. 
More specifically, the empathic color code 1 , emphatic 
color code 2, pattern color code, and background color 
code are four-bit code, respectively, (hereinafter re- 5 
ferred to as four bit color code) and specifies one of the 
16 colors. In other words, the emphatic color code 1, 
emphatic color code 2, pattern color code, and back- 
ground code are four bit code, respectively, for convert- 
ing the 2-bit-code specified for each pixel (possible to io 
separate four types of colors) into one of the 1 6 colors. 
These four bit codes are further converted into 24-bit 
color code by the colorconversion table in the reproduc- 
tion apparatus during reproduction. 

15 

Detailed Data Construction of the Button Information 

[0088] As shown in Fig. 14, the button information 
stores information corresponding to the button 1-36 in- 
formation (maximum 36). For the explanatory conven- 20 
ience, each of the buttons 1 -36 information will be rep- 
resented by button n information. 
[0089] The button n information includes button posi- 
tion information, neighboring button information and 
button command. 25 
[0090] The button position information includes a but- 
ton color number, start X-Y coordinates, end X-Y coor- 
dinates, and "selected=activated" flag. 
[0091] The button color number specifies which of the 
button color information 1-3 should be employed. 30 
[0092] As shown in Fig. 12, start X-Y coordinates, end 
X-Y coordinates show top left coordinates and bottom 
right coordinates of a rectangular, respectively, for spec- 
ifying a highlight area. Both coordinates show the range 
of button to be colored according to the selection color 35 
information and activation color information. 
[0093] The l, selected=activated" flag shows, when the 
button is selected, whether the button should be placed 
into the activated state or not. Instead of user's pressing 
down the ENTER key, this flag reduces the number of 40 
the user's key input. The moment the button is selected 
by an arrow key, the button is activated without user's 
further pressing down the enter key. 
[0094] The neighboring button information shows oth- 
er button numbers that exist above, below, and on both 45 
sides of the corresponding button. Due to the neighbor- 
ing button information, the reproduction apparatus can 
move the button selection by operating the arrow key. 
[0095] The button command stores the commands to 
be executed when the button is in the activated state, so 
The examples are an instruction for designating branch 
and an instruction for designating operations for the reg- 
ister inside the reproduction apparatus. 

Details of the Button Command 55 

[0096] Fig. 15 shows examples of instructions used 
as button commands set for every button in the button 



20 

information. Each instruction is composed of operation 
code and at least one operand. 

[0097] In Fig. 15, the "Link" instruction designates a 
branch reproduction to the program chain (PGC) desig- 
nated by the operand. Here, the program chain (PGC) 
is a string of the VOBs to be reproduced successively 
or a reproduction route of the VOBs. The details of PGC 
will be explained later. 

[0098] The "CmpRegLink" instruction having a regis- 
ter number, an integer, a branch condition and a branch 
destination PGC number as operands instructs to 
branch to the PGC occurs only when the register value 
satisfies the branch condition for the integer. Branch 
conditions are =(equal), >(larger), <(smaller). 
[0099] <#s> The "SetRegLink" instruction having a 
register number, an integer, an operation content, and 
a branch destination PGC number as operands instructs 
to branch to the PGC after storing the value obtained by 
operating the register value and the integer into the reg- 
ister. Here, the operands that show operation contents 
are=(substitution), +(plus), -(minus), ^multiplication), / 
(division), MOD(modulus), AND (logical product), OR 
(logical sum), XOR(exclusive OR). 
[0100] The "SetReg" instruction having a register 
number, an integer, and an operation contest as oper- 
ands instructs to store the operation-performed register 
number and integer into the register. Here, the operand 
that shows the operation content is the same as that of 
the "SetRegLink" operation. 

[0101] The "Random" operation having a register 
number and an integer instructs value as operands in- 
structs to generate an integral random number from 1 
to the integer value to be stored into the register. 

Data Construction of the Video Title Set (Part 2) 

[0102] The Video Title Set management information 
can be explained as follows, which manages the repro- 
duction route of the VOB. 

[0103] Fig. 1 6 shows hierarchical data construction of 
the Video Title Set management information of each 
Video Title Set in Fig. 5. From left to right, the sets of 
layers are referred to as the first layer to the fifth layer, 
respectively. 

[0104] The first layer is already explained in Fig. 6. 
[01 05] As is shown by the second layer, the Video Title 
Set management information includes a Video Title Set 
management table, title search pointer table, and PGC 
information table. 

[0106] The Video Title Set management table is the 
header information of the Video Title Set, and stores 
pointers that show storage position of the PGC informa- 
tion management table and thetitle search pointertable. 
[0107] The title search pointer table is an index of the 
PGCs stored in the PGC information management ta- 
ble, and stores pointers for the storage position of the 
PGC which should be executed firstly for each title, for 
example, a pointer which shows the storage position of 
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the PGC information that shows the leading PGC of the 
interactive movie. 

[0108] The PGC information management table is a 
table for reproducing a given VOBs in a given order from 
the VOBs stored in the Video Title Set. The PGC infor- 5 
mation management table manages by the unit called 
PGC in which VOBs are combined according to a given 
order. Fig. 1 7 shows the PGC. In this figure, the PGC#1 
shows the reproduction route from the VOB#1 to VOB#2 
in the Video Title Set. The PGC#7 shows he reproduc- 10 
tion route from the VOB#15 to VOB#14 via VOB#13. 
[0109] In order to realize this, as shown in the third 
layers in Fig. 16, the PGC information management ta- 
ble comprises the PGC information #1-#m. Each PGC 
information specifies construction of one PGC and des- 15 
ignates the PGC to be reproduced next. 
[0110] As is shown by the fourth layers in Fig. 1 6, each 
PGC information comprises a color conversion table, 
PGC connection information, pre-processing command 
group, post-processing command group, and route in- 20 
formation. 

[0111] The route information is, as shown by Fig. 5, 
comprises a set of VOB position information, and they 
are arranged according to the order of reproduction. For 
example, the route information of the PGC#1 in Fig. 1 7 25 
consists of the VOB#1 position information and VOB#2 
position information. The position information includes 
the logical address of the leading sector of the VOB and 
all the sector numbers occupied by the VOB. 
[0112] The post-processing command group shows 30 
commands to be executed after the reproduction of the 
PGC. This command can be used as the button com- 
mand in the highlight information, which is shown in Fig. 
16. For example, in Fig. 17, the PGC#1 branches to ei- 
ther the PGC#2 or PGC#3. In order to realize this, after 35 
the PGC#1, the "CmpRegLink" instruction may be set 
to the processing command group. 
[0113] The pre-processing command group shows 
commands to be executed before the reproduction of 
the PGC starts. This command can also be set the in- 40 
struction shown in Fig. 16. For example, the pre- 
processing command group can be used for initializing 
the register by the "SetReg" instruction. 
[0114] The PGC connection information shows one 
PGC number to be reproduced next. However, when 45 
branch occurs due to a branch instruction (for example, 
"CmpRegLink") in the post-processing command group, 
the PGC connection information is neglected. 
[01 1 5] The color conversion table is for converting the 
foregoing four-bit color code of the sub-picture data into so 
actual color data specified by 24 bits. This color conver- 
sion table : as shown by the fifth layers in Fig. 1 6, stores 
24-bit color code comprising luminosity data, color dif- 
ference data 1 and 2; each four-bit-color code (colors 
1-16) corresponding to any of the 24-bit-codes. How to 55 
specify the color is stipulated by ITU-R-Rec. and 601 -1 . 
[0116] So far, the data construction of the optical disc 
has been explained. Next, explanation on the reproduc- 



tion apparatus starts. 

Appearances of the Reproduction System 

[0117] Fig. 18 shows the appearances of the repro- 
duction system : comprising the reproduction apparatus, 
a monitor, and the remote controller of the present em- 
bodiment. 

[0118] In this figure, the reproduction apparatus 1 re- 
produces the foregoing optical disc (DVD) according to 
the instruction from the remote controller 91 , and out- 
puts a video signal and audio signals. The instruction 
from the remote controller 91 is received by the remote 
controller reception unit 92 of the reproduction appara- 
tus 1 . 

[0119] The display monitor 2 receives a video signal 
and audio signals from the reproduction apparatus, and 
outputs images and audio. This display monitor can be 
a common TV monitor. 

Appearance of the Remote Controller 

[0120] Fig. 19 shows an example of a key arrange- 
ment of the remote controller 91 . Here, keys related to 
the present invention are explained. The MENU key is 
for calling the system menu by the Video Manager when 
some titles of an interactive movies are reproduced. The 
Ten keys and direction (arrow) keys are for selecting 
menu items. The ENTER key is for activating the select- 
ed menu item. Other keys are the same as those of other 
AV apparatuses. 

Entire Construction of the Reproduction Apparatus 

[0121] Fig. 20 shows the entire construction of the re- 
production apparatus shown in Fig. 18. The reproduc- 
tion apparatus 1 comprises the motor 81 , light pickup 
82, mechanism control unit 83, signal processing unit 
84, AV decoder unit 85, remote controller reception unit 
92, and system control unit 93. Furthermore, the AV de- 
coder unit 85 comprises the system decoder 86, video 
decoder 87, sub-picture decoder 88, audio decoder 89, 
and image combining unit 90. 

[0122] The mechanism control unit 83 controls the 
mechanical system including the motor 81 which drives 
the disc and the light pickup 82 which reads out the sig- 
nal stored on the disc. More specifically, the mechanism 
control unit 83 adjusts the speed of the motor according 
to the track position designated by the system control 
unit 93, and moves the position of the pickup 82 by con- 
trolling the actuator of the light pickup 82. When the ac- 
curate track is detected by servo control , the mechanism 
control unit 83 waits during the rotation of the disc until 
the desired physical sector comes, and reads the sig- 
nals successively from the desired position. 
[01 23] The signal processing unit 84 performs the fol- 
lowing processing on the signal read from the light pick- 
up 82; amplification, waveform shaping, changing to bi- 
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nary, decoding, and error correction. After that, the sig- 
nal processing unit 84 stores the data obtained by the 
above processing in the buffer memory (not illustrated) 
into the system control unit 93. In the buffer memory, 
Video Title Set control information of the data is held in s 
the system control unit 93, and the VOB of the data is 
transferred to the system decoder 86 by the system con- 
trol unit 93. 

[0124] The AV decoder 85 converts the VOB to the 
original video signal, audio signal, and sub-picture sig- 10 
nal. 

[0125] The system decoder 86 judges the stream ID 
and the sub- stream ID in each logical block (data) in- 
cluded in the VOB transferred from the buffer memory. 
And the system decoder 86 outputs the video data to 15 
the video decoder 87, the audio data to the audio de- 
coder 89, the sub-picture data to the sub-picture decod- 
er 88, and the management pack to the system control 
unit 93. At this time, the system decoder 86 outputs the 
audio data and the sub-picture data, each having the 20 
number (channel) designated by the system control unit 
93 from the sets of the audio data and sub-picture data 
to the audio decoder 89 and sub-picture image decoder 
88, respectively, and discards other data. 
[01 26] The video decoder 87 decodes the video data 25 
inputted from the system decoder 86 . expands the de- 
coded video data, and outputs the decoded-and-ex- 
panded video data to image combining unit 90 as a dig- 
ital video signal. 

[0127] The sub-picture data inputted from the system 30 
decoder 86 is an image data which has been performed 
run-length compression. The sub-picture decoder 88 
decodes the inputted sub-picture data, expands the de- 
coded sub-picture data, and outputs the decoded-and- 
outputted sub-picture data to the image combining unit 35 
90 in the same form as the digital video signal. The audio 
decoder 89 decodes the audio data inputted from sys- 
tem decoder 86 : expands the decoded audio data, and 
outputs the decoded-and-expanded audio data as a dig- 
ital audio signal. 40 
[01 28] The image combining unit 90 outputs the video 
signal in which the output of the video decoder 87 and 
output of the sub-picture decoder 88 are mixed accord- 
ing to the ratio designated by the system control unit 93. 
This present signal is converted into an analogue signal 45 
and inputted into the display apparatus. 

Construction of the System Decoder 

[0129] Fig. 21 is a block diagram showing the con- 50 
struction of the system decoder 86 in Fig. 20. As is ap- 
parent from this figure, the system decoder 86 compris- 
es the MPEG decoder 120, sub-picture/audio separa- 
tion unit 121 , sub-picture selection unit 122, and audio 
selection unit 123. 55 
[0130] The MPEG decoder 120 judges the type of 
each data pack included in the VOB stream transferred 
from the buffer memory by referring to the stream ID in 



the pack. If it is the video packet, the MPEG decoder 
120 outputs it to the video decoder 87; if it is the private 
packet 1 , to the sup-picture/audio separation unit 121 ; 
if it is the private packet 2, to the system control unit 93, 
and if it is the MPEG audio packet, to the audio selection 
unit 123. 

[0131] The sub-picture/audio separation unit 121 
judges the type of the packet by referring to the sub- 
stream ID in the pack regarding the private packet 1 in- 
putted from the MPEG decoder 120. If it is the sub-pic- 
ture data, sub-picture/audio separation unit 121 outputs 
it to the sub-picture selection unit 122; and if it is the 
audio data, to the audio selection unit 123. As a result, 
the sub-picture data and audio data of all numbers are 
outputted to the sub-picture selection unit 1 22 and audio 
selection unit 123, respectively. 

[0132] The sub-picture selection unit 122 outputs, out 
of the sub/picture decoder 88 from the sub-picture /au- 
dio separation unit 1 21 , only the sub-picture data having 
the number designated by the system control unit 93 to 
the sub-picture decoder 88. The sub-picture data of the 
number other than the designated number are discard- 
ed. 

[0133] The audio selection unit 123 outputs, out of the 
MPEG audio data from the M PEG decoder 1 20, only the 
audio data having the number designated by the system 
control unit 93. And the audio selection unit 123 outputs 
the audio data from the sub-picture/audio separation 
unit 121 . The audio data of the number other than the 
designated number are discarded. 

Construction of the System Management Unit 

[0134] Fig. 22 is the block diagram showing the con- 
struction of the system control unit 93 in Fig. 20. 
[0135] The system control unit 93 comprises the but- 
ton control unit 930, system state management unit 935, 
command interpretation execution unit 936, reproduc- 
tion control unit 937, button state control unit 933, and 
key input reception unit 938. Furthermore, the button 
control unit 930 comprises the PCI decoder 931 , high- 
light information analysis unit 932 : and highlight display 
control unit 934. According to the highlight information 
in the management pack, the button control unit 930 
controls response to the user's menu operations. 
[0136] The PCI decoder 931 separates the PCI pack- 
et from the management pack transferred from the 
MPEG decoder 1 20, and transfers the highlight informa- 
tion to the highlight information analysis unit 932. As the 
management pack is performed interleaving in each 
VOBU as shown in Fig. 7, a new management pack is 
transferred every 0.5 second. 

[0137] The highlight information analysis unit 932 
analyses the highlight information inputted from the PCI 
decoder 931, and creates a button state transfer table 
showing how the selected state of the button transfers 
for all buttons on the menu image by the sub-picture da- 
ta. 
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[01 38] The button state control unit 933 stores the but- 
ton state transfer table created by the highlight informa- 
tion analysis unit 932, stores the button number in the 
selected state (current state) and the button number in 
the activated state, and manages the state of change. 5 
[0139] Fig. 23 shows concrete example of the button 
state transfer table. This table is based on the menu im- 
age by the sub-picture data shown in Fig. 12. 
[0140] In Fig. 23, "current state" column shows all the 
buttons that could be in the selected state. In other 10 
words, each of the S1-S5 shows that the button num- 
bers 1-5 on the menu image are in the selected state. 
The number of the "current state" is created by the 
number of all the buttons shown by the highlight infor- 
mation analysis unit 932 in Fig. 13. 15 
[0141] The "arrow key transfer information" column 
shows to which state the current state transfers when 
the arrow key of the remote controller is inputted. The 
arrow key transfer information is created by the highlight 
information analysis unit 932 according to the neighbor- 20 
ing button information in the highlight information. 
[0142] The "highlight display information" column 
shows highlight of each button. The highlight display in- 
formation is set by the highlight information analysis unit 
932 according to the highlight area composed of the 25 
start X-Y coordinates and end X-Y coordinates in Fig. 
14. 

[0143] The "numeral key allowance" column shows, 
for each state, whether the selection by the numeral key 
can be allowed. This information is set by the highlight 30 
information analysis unit 932 according to the number 
of the numeral selection possible buttons. In the case of 
Fig, 23, button selection is allowed for the buttons 1-4, 
but not for the button 5. 

[0144] The "selected=activated" column shows, for 35 
every button, whether the buttons set in the selected 
state should be changed to activated state immediately. 
This information is set by the highlight information anal- 
ysis unit 932 according to the "se!ected=activated" flag 
shown in Fig. 14. In the case of Fig. 23, the "select- 40 
ed=activated" is set for only button 5. 
[0145] The "button color number" column shows but- 
ton color number of each button, and this column is set 
by the highlight information analysis unit 932 according 
to the button number shown in Fig. 14. 45 
[0146] The "button command" column shows com- 
mands to be executed when each button is in the acti- 
vated state. This column is activated by the highlight in- 
formation analysis unit 932 according to the button com- 
mand shown in Fig. 14. so 
[0147] According to the button state transfer table, the 
highlight display control unit 934 and the command in- 
terpretation execution unit 936 manage response to the 
user's menu operations. 

[0148] The highlight display control unit 934 controls 55 
the highlight display by notifying the highlight area of the 
button in the selected state, activated state, and color 
information designated by the button color number to 



the sub-picture decoder 88 according to the button state 
transfer table. 

[0149] The system state management unit 935 tem- 
porarily stores the digital data inputted from the signal 
processing unit 84. A part of the buffer area is reserved 
as PGC information buffer 935a which stores PGC in- 
formation. When the digital data inputted into the system 
state control management unit 935 is VOB, it is trans- 
ferred to the system decoder 86 by the reproduction 
control unit 937. When it is PGC information, it is stored 
in the PGG information buffer 935a. 
[0150] The command interpretation execution unit 
936 executes a button command when the button is put 
into the activated state. 

[0151] The reproduction control unit 937 having a reg- 
ister set 937a interprets the key-inputted data from the 
key input reception unit 938, and controls other repro- 
duction management. The register set comprises a plu- 
rality of registers (R0-R3). One of the registers store a 
channel number of the sub-picture data being repro- 
duced and a channel number of the audio data, and no- 
tifies them to the sub-picture selection unit 122 and the 
audio selection unit 123, respectively. 
[0152] The key input reception unit 938 receives a key 
code which designates a key inputted from the remote 
controller reception unit 92, and notifies it to the button 
state control unit 933 and the reproduction control unit 
937. 

Detailed Construction of the Sub-Picture Decoder 

[0153] Fig. 24 is a block diagram showing detained 
construction of the sub-picture decoder 88. The sub-pic- 
ture decoder 88 comprises the input buffer 881 , sub-pic- 
ture code generation unit 882, sub-picture display con- 
trol unit 883, sub-picture code conversion table 884, 
compressed video signal generation unit 885, highlight 
code conversion table 886, highlight area management 
unit 887, sub-picture signal generation unit 888, and 
color conversion table 889. 

[0154] The input buffer 881 stores sub-picture data of 
the channel selected by the sub-picture selection unit 
122 in the system decoder 86. 

[0155] The sub-picture code generation unit 882 con- 
verts the image data which has been performed run- 
length compression into a bit-map data in which each 
pixel is expressed by 2-bit code by expanding. 
[0156] The sub-picture display control unit 883 con- 
trols display start/end of image data; carries out image 
processing such as colorchange when karaoke is used; 
and generates sub-picture code conversion table 884 
by the color information stored in the sub-picture data. 
[0157] The compressed picture signal generation unit 
885 converts the two-bit code of each pixel outputted 
from the sub-picture code generation unit 882 into 16 
color code of 4 bits by referring to the sub-picture code 
conversion table 884 for the sub-picture part and the 
highlight code conversion table 886 for the highlight ar- 
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ea. 

[0158] The highlight code conversion table B86 is a 
color conversion table for converting 2-bit code of the 
highlight part which is a part of the image data into a 
4-bit code. 5 
[0159] The highlight area management unit 887 
stores the start X-Y coordinates and end X-Y coordi- 
nates of the highlight area, and prepares for readout of 
the compressed video signal generation unit 885. 
[0160] The sub-picture signal generation unit 888 10 
converts the 16 color code outputted from the com- 
pressed video signal generation unit 885, which is 4 bit 
per pixel, into about 16,000,000 color data of 24 bits. 
[0161] The color conversion table 889 stores the 16 
color information in the color conversion table in the 15 
PGC information to be reproduced. 
[0162] Outline of Processing Flow of the Reproduc- 
tion by the System Control Unit 93 
[0163] Fig. 25 is a schematic flowchart showing repro- 
duction management by the system control unit 93 in 20 
Fig. 20. 

[0164] In detecting that the disc is set into the repro- 
duction apparatus, the system control unit 93, by man- 
aging the mechanism control unit 83 and the signal 
processing unit 84, controls the disc rotation until a sta- 25 
ble readout is carried out, and when the stable readout 
is carried out, reads out the lead-in area firstly by moving 
the light pickup. After that, the system control unit 93 
reads the volume management area, Video Manager in 
Fig. 5 based on the information in the volume manage- 30 
ment area (Steps 121, 122), and reproduces the PGC 
group for the system menu (Step 123). 
[0165] According to the user's operations to the sys- 
tem menu, the system control 93 reproduces the PGC 
for the title menu in the selected Video Title Set (Step 35 
124), based on the user's selection (Step 125), reads 
the Video Title Set management information corre- 
sponding to the selected title (Step 126), and branches 
to the leading PGC of the title (Step 1 27). Furthermore, 
after the PGC group is reproduced and finished, the sys- 40 
tern control unit 93 goes back to Step 124 (Step 128). 

Flow of Reproduction Procedure of the Program Chain 
Group 

45 

[0166] Fig. 26 is a detailed flowchart of the reproduc- 
tion procedure of the program chain group in Step 128 
in Fig. 25. The same things apply to Steps 123 and 1 24 
in Fig. 25. 

[0167] In Fig. 26, the system control unit 93 reads the so 
corresponding PGC information from the Video Title Set 
information (Step 131). This PGC information is stored 
into the PGC Information buffer 935a. 
[0168] Next, initial setting is carried out according to 
the PGC information in the PGC information buffer 55 
935a. Execution of the pre-processing command group 
and setting of the color conversion table are included in 
the initial setting (Step 1 32). Due to the execution of the 



pre-processing command group, for example, initial val- 
ue of the register is set. The color conversion table 
shown by the fourth layers in Fig. 1 6 is, at this moment, 
stored in the buffer memory in the system state man- 
agement unit 935, and it is transferred to the sub-picture 
code conversion table 884 in the sub-picture decoder 
88 in Fig. 24. 

[0169] After that, the system control unit successively 
reproduces the position information specified by the 
route information in the PGC information buffer 935a, 
and manages reproduction of each VOB#i (i=1-n) (Step 

133) . Specifically, the system control unit 93 starts read- 
ing the VOB for the mechanism control unit 83 and the 
signal processing unit 84 according to the position infor- 
mation set in the route information. The read VOB is 
separated and reproduced by the AV decoder 85. At this 
moment, the separated video and sub-picture is dis- 
played on the screen (not illustrated) and the audio out- 
put by the audio data is started. If the branch instruction 
set as a button command is executed during the repro- 
duction of the VOB, branch to the PGC specified by the 
branch instruction occurs (from Step 135 to Step 131). 
When reproduction of all the VOB is completed, the 
post-processing command group is executed (Step 

134) , and if there is a PGC to be executed next, it is 
reproduced (from Step 135 to Step 131). The PGC to 
be reproduced next is specified by the branch instruction 
in the post-processing command group or the PGC con- 
nection information in the PGC information. 

Reproduction of the VOB 

[0170] Fig. 27 is a flowchart showing the reproduction 
management processing of each VOB (VOB#i) shown 
by the Step 1 33#i in Fig. 26. 

[0171] According to the ith position information in the 
reproduction information, the system control unit 93 
controls the start of the readout from the leading address 
of the VOB#i (Step il). After that, the digital data string 
of the VOB#i is read by the mechanism control unit 83 
and the signal processing unit 84. This digital data string 
is successively inputted into the system decoder 86 via 
the system control unit 93. The system decoder 86 de- 
codes the digital data string and judges the video pack, 
sub-picture pack of any channel, audio-pack of any 
channel, and management pack. And the system de- 
coder 86 outputs them to the video decoder 87, sub- 
picture decoder 88, audio decoder 89, and the PCI de- 
coder 931 in the system control unit 93, respectively. 
Then, reproduction of the moving picture, audio, and 
sup-picture starts. The management pack is inputted in- 
to the decoder 931 every 0.5 second. 
[0172] On being inputted the management pack (Step 
i2), according to the highlight state shown by Fig. 13, 
the PCI decoder 931 judges whether new highlight in- 
formation is set in the management pack (Step i3) } and 
if it is new highlight information, the PCI decoder 931 
transfers it to the highlight information analysis unit 932. 
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The highlight information analysis unit 932 creates the 
button state transfer table from the transferred highlight 
information. The button control unit 930 carries out the 
highlight processing in Fig. 28 based on the button state 
transfer table (Step i4). Here, the highlight processing 5 
means the highlight display and the interactive manage- 
ment based on the highlight information. Moreover, the 
system control unit 93 waits for the input of the manage- 
ment pack if the digital data string read from the DVD is 
notthelastofthe VOB#i (Stepi2). In this case, the above 10 
processing is repeated. If it is the last of the VOB, the 
reproduction of the VOB#i is completed. After that, the 
system control unit 93 determines whether it is the last 
of the VOB#i or not from the number of all sectors of the 
VOB#i included in the position information. 15 

Highlight Processing 

[0173] Fig. 28 is a schematic flowchart showing the 
highlight processing mentioned above (Step i4 in Fig. 20 
27) 

[0174] On being transferred the highlight information 
from the PCI decoder 931 , the highlight information 
analysis unit 932 analyses the highlight information, cre- 
ates the button state transfertable in Fig. 23. and stores 25 
it in the button state control unit 933 (Steps 201 , 202). 
The button state control unit 933 determines the initial 
state of the button according to the forcedly selected 
button number in the highlight information (Step 203: re- 
fer to Fig. 29). Furthermore, the button state control unit 30 
933 compares the highlight start time and the system 
time in the reproduction apparatus. At the highlight start 
time (Step 204: refer to Fig. 30), the button state control 
unit 933 carries out the highlight display processing via 
the highlight display control unit 934 (Step 205). After 35 
that, until the button selection end time (Step 205), every 
time the state transfers according to the user's key op- 
erations (Steps 207 and 208: refer to Fig. 33), the button 
state control unit 933 carries out the highlight display 
processing, and ends the processing at the button se- 40 
lection end time (Step 206, refer to Fig. 31). 

Button Initial State Activation Processing 

[0175] Fig. 29 is a more detailed flowchart showing 45 
the button initial state activation processing mentioned 
above (Step 203 in Fig. 28). 

[0176] After creating the button state transfer table, if 
the forcedly selected button number is specified in the 
highlight information, the button state control unit 933 50 
holds the button number of the current state (Steps 211, 

212) . If the forcedly selected button number is not spec- 
ified, the button state control unit 933 holds any of the 
button numbers (for example, the button number held 

as the selected state) as the current state (Steps 211 , 55 

213) . 



Highlight Display Processing 

[0177] Fig. 30 is a more detailed flowchart showing 
the foregoing highlight display processing (Step 204 in 
Fig. 28). 

[0178] When the button initial state is determine orthe 
current state changes, the button state control unit 933 
reads the highlight area in the button state transfertable 
that correspond to the current state (button selection 
number) (Step 221), and sets it in the highlight area 
management unit 887 in the sup-picture decoder 88 via 
the highlight display control unit 934 (Step 222). At the 
same time, according to the button color number in the 
button state transfer table, the button state control unit 
933 sets the selection color information in the highlight 
code conversion table 886 in the sub-picture decoder 
88 via the highlight display control unit 934 (Step 223). 
In this way, the sub-picture decoder 88 changes the 
color of the highlight area of the sub-picture image being 
displayed. 

Highlight End Processing 

[0179] Fig. 31 is a more detailed flowchart showing 
the foregoing highlight end processing (Step 06 in Fig. 
28). 

[0180] At the button selection end time, the button 
state control unit 933 checks whether the forcedly acti- 
vated button number exists in the PGC information buff- 
er 935a (Step 231). Regarding the forcedly activated 
button number, if the number is any of 1-36 and 63, it 
means that a forcedly activated button number exist; if 
the number is 0, a forcedly activated button number 
does not exist. 

[0181] When the forcedly activated button number is 
invalid (the value is 0), the button state control unit 933 
erases the highlight display via the highlight display con- 
trol unit 934 at the highlight end time (Steps 235, 236). 
[0182] When the forcedly activated button number is 
valid (the value is other than 0), the button state control 
unit 933 puts the button into the activated state if a spe- 
cific button number from 1-36 is designated, and puts 
the button in the selected state into the activated state 
if the button number 63 is designated (Step 233), and 
carries out the button activation processing (Step 234). 

Button Activation Processing 

[0183] Fig. 32 is a more detailed flowchart showing 
the button activation processing mentioned above (Step 
234 in Fig. 31). 

[0184] The button state control unit 933 displays the 
button in the activated state with the activation color via 
the highlight display control unit 934 (Step 241), reads 
the button command of the corresponding button from 
the button state transfer table and makes the command 
interpretation execution unit 936 carry it out (Step 242). 
Furthermore, the button state control unit 933 deter- 
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mines whether branch should occur or not due to the 
execution of the button command (Step 243). If that is 
not the case (for example, "SetReg", "Random"), the 
button state control unit 933 ends the button activation 
processing, and if that is the case (for example, "Link"), 5 
goes to Step 135 in Fig. 26 and branches to other PGC. 

Button State Transfer Processing 

[0185] Fig. 33 is a more detailed flowchart showing 10 
the foregoing button state transfer processing (Step 208 
in Fig. 28). 

[0186] On being inputted a key code from the key in- 
put reception unit 938, the button state control unit 933 
judges the inputted key from the key code (Steps 251 , 15 
254, and 257). 

[0187] When the input key is a numeral key (Step 
251), and the "numeral key allowance" column corre- 
sponding to the "current state" in the button state trans- 
ferable is YES (Step 252), the button state control unit 20 
933 holds the number as the button number of the se- 
lected state (Step 253). For example, in Fig. 23, when 
the current state is S1 and the numeral key 2 is an input 
key, the current state is changed to S2. After changing 
the selected state, if the "selected=activated" column is 25 
YES, the button state control unit 933 stores the number 
of the numeral key as the button number of the activated 
state (Step 256), and carries out the button activation 
processing (Step 258). 

[0188] If the input key is an arrow key (Step 254), the 30 
button state control unit 933 fetches the button number 
of the transfer destination according to the "arrow key 
transfer information" in the button state transfer table 
and stores the button number as the selected state 
(Step 255). If the "selected=activated" column is YES, 35 
the button state control unit 933 holds the number of the 
numeral key as the button number in the activated state 
(Step 256), and carries out the button activation 
processing (Step 258). 

[0189] If the input key is the activated key, the button 40 
state control unit 933 holds the button number being 
stored as the current state as the activated button 
number (Step 257), and carries out the button activation 
processing (Step 258). 

45 

Call and Return Processing for the System Menu 

[0190] So far, reproduction management processing 
of the PGC group, especially, highlight processing, has 
been explained. Next explanation is about call and re- 50 
turn processing regarding the system menu which is 
called when the MENU key on the remote controller 92 
is pressed during the reproduction of the PGC. 
[0191] Fig. 34 is a flowchart showing call and return 
processing for the system menu. 55 
[0192] When the MENU key is pressed, the reproduc- 
tion control unit 937 determines whether the menu by 
the sub-picture data is being displayed or not (Step 261 ). 



If so, the reproduction control unit 937 stores the return 
address of the sub-picture data set in the DSI packet of 
the management pack into the buffer memory in the sys- 
tem state management unit 935 (Step 262) . Whether the 
menu by the sub-picture data is being displayed or not 
can be determined by judging whether the system time 
is within the highlight section (from the highlight start 
time to the highlight end time). That is because if the 
menu image is realized by the sub-picture data in the 
VOBU priorto the current VOBU, in order to resume the 
current menu display, it is necessary to resume the re- 
production from the leading sub-picture data, not from 
the sub-picture data in the same VOBU as the current 
management pack. 

[0193] If the menu is not being displayed, the repro- 
duction control unit 937 stores the current VOBU start 
address into the buffer memory in the system state man- 
agement unit 935 (Step 263). 

[0194] Furthermore, the reproduction control unit 937 
stores the system state showing the current reproduc- 
tion state (Step 263). This system state includes the but- 
ton number in the selected state. 
[0195] After that, the reproduction control unit 937 
manages the reproduction of the system menu (Step 
265). The management of the reproduction of the sys- 
tem menu is the same as the one of the PGC group 
shown in Fig. 26. If the user, again, presses the MENU 
key on the system menu being displayed, the reproduc- 
tion of the system menu is over. Then, the reproduction 
control unit 937 returns to the system state (Step 266), 
and resumes the reproduction from the return address 
(Step 267). 

Operations 

[0196] The operations of the multimedia optical disc 
and its reproduction apparatus can be explained as fol- 
lows. 

Example of a Forcedly Activated Button 

[0197] Here is an example of an operation in which 
forcedly activated button is used. Fig. 35 is a title exam- 
ple of an interactive application in which a dragon and 
a knight fight with each other. The scene 1 by the PGC#1 
shows a display image 1 in which a knight encounters 
a dragon. The scene 2 by the PGC #2 shows a display 
image 2 in which a menu by the sup-picture data is su- 
perimposed. The scene 3 by the PGC#3 shows a dis- 
play image 3 in which the knight gets away. For the ex- 
planatory reason, also in this example, each PGC is 
supposed to be one VOB. 

[0198] The sub-picture data in the PGC#2 is a menu 
image composed of a "1 -Fight" button and a "2 - Get 
away" button. For the button command of the "1 -Fight" 
button, "Link" instruction to the PGC (not illustrated) for 
showing the fighting scene is set. For the button com- 
mand of the "2 - Get Away" button, "Link" instruction to 
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the PGC#3 showing the scene 3 is set. Furthermore, in 
this example, "63" is set as the forcedly activated button 
in Fig. 1 3. The forcedly activated button number "63" 
means that the current button in the selected state is 
forcedly activated. If the user does not press the activa- 5 
tion key until the button selection time even if he/she 
had pressed "2 - Get Away" in the scene 2, the repro- 
duction control unit 937 places the "2 - Get Away" button 
in the selected state into the activated state. Then, 
scene 3 is reproduced. 10 
[0199] A title creator can determine which button 
should be the forcedly activated button depending on 
the development of the story, contents of the scene, and 
menu items. In the foregoing example, the "activation 
button" is activated based on the user's selection state. 15 
Hov/averj there are cases in which the reproduction can 
proceed more effectively if the title creator directly des- 
ignees the activated button number. 
[0200] The following is an example, which is shown 
in \re lower row of Figure 35. The scene 2 by the PGC#2 20 
shows the display image 2' in which a menu is superim- 
posed, the menu comprising the "1 - Fight" button, n 2 - 
Get Away" button, and "3 - Do Nothing" button. The 
scene 3 by the PGC#3 is the branch destination when 
the "3 -Do Nothing" button is selected in the PGC#2. 25 
What is displayed on the scene is a dragon coming clos- 
er to the knight. If a direction of a story which should 
continue after the "3 - Do Nothing" button is desired in 
the scene 2, what is necessary is to set the forcedly ac- 
tivated button number for the menu in the PGC#2 as "3". 30 
In this way, even if there is no activation operation by 
the user, the scene 2 changes to the scene 3. As a result, 
even if the user is not interested in pursuing the course 
of story, effective story development can be realized. 
[0201] The next explanation is about the case in which 35 
hidden buttons exist other than the MENU button in the 
foregoing PGCs#1 -#3 in Fig. 35. The hidden buttons do 
not necessarily appear on the screen. In all scenes, the 
same function is allocated to the hidden button. For ex- 
ample, a map button and status button exist as hidden 40 
buttons. The map button is a button for calling a map of 
the adventure world in which the warrior lives. The sta- 
tus button is a button for calling images which display 
parameters such as physical strength of the knight and 
points of the game. 45 
[0202] In this case, it is determined that the numeral 
key of the map button is "7" and the one of the status 
button is "8". These are realized by the button informa- 
tion shown in Fig. 14. In other words, the "LINK" com- 
mand to the PGC for displaying the foregoing map so 
should be set in the button information 7 shown in Fig. 
14, and the "LINK" command to the PGC for displaying 
the foregoing status should be set in the button informa- 
tion 8. In addition to that, if a "selected=activated" flag 
in the button information 7 and the one in the button in- 55 
formation 8 are set, the user can see the map or the 
status by pressing the numeral key. Return to the origi- 
nal scene from the map or the status can be realized by 
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the return address shown in Fig. 13. 
[0203] Moreover, it is possible to determine that the 
map button and the status button are selected only by 
numeral keys, prohibiting selection by arrow keys. In 
such a case, the buttons 7 and 8 should not be set for 
any neighboring button in the button information in Fig. 
13. Then, hidden buttons will not be selected by arrow 
keys. In other words, buttons not being displayed on the 
screen will not be placed into the selection state. 
[0204] Also, the following setting may be possible. "2 
- Get Away" may be set as an initially selected button. 
A "selected -activated" flag may be set for each of 
"1 -Fight" and "3 - Do Nothing". Then, when the display 
image 2' is displayed, the user can immediately enjoy 
the next scene by pressing down the left arrow key or 
right arrow key which gives a lot of excitement and re- 
alism of the story. 

[0205] An another setting as follows may be possible. 
The map button, status button, "Fight" button , "Get 
Away" button, and "Do Nothing" button may be set for 
"1", "2", "3", "4", and "5" in the button information, re- 
spectively, and the "numeral selection possible button 
number" may be set as "2". in this case, the hidden map 
button and status button can be selected by a numeral 
key. The "Fight" button, the "Get Away" button, and the 
"Do Nothing" button can be selected only by the right 
arrow key or the left arrow key. 

Operation Examples of Selection Activation, 
"Selected=Activated" 

[0206] Fig. 36 is an example of a title. This title is an 
example of an interactive application which introduces 
various sports, the title comprising the PGC#1 , #2, 

#3 In order to understand the example readily each 

PGC is supposed to be constituted by one VOB. The 
scene 1 by the PGC#1 is the introductory part of this 
title. The scene 2 by the PGC#2 is the part which ap- 
peals the fun of golf and ski. The scene 3 by the PGC#3 
is the part which appeals the fun of baseball and volley- 
ball. The PGCs after the PGC#4 introduce what each of 
the sports is. In each PGC in the figure, the white part 
shows video data : black part shows the management 
pack, and the slanting-line part shows the sub-picture 
data. The PGC # 1 does not need a menu image, so 
there is no sub-picture data. 

[0207] The PGC#2 has sub-picture data for showing 
image data of menu image 1 in the second VOBU. The 
management pack in the same VOBU stores the high- 
light information corresponding to the menu image 1 . 
This menu image 1 is the same as the one in Fig. 12. 
The button state transfertable created from the highlight 
information is the same as the one in Fig. 23. The high- 
light section (from the highlight start time to the highlight 
end time) is from the start of the third VOBU reproduc- 
tion to end of the PGC#2 reproduction. In the VOBUs 
after the third VOBU in the PGC#2, the highlight state 
in the highlight information is "10"; in other words, it is 
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the same highlight information as the one of the preced- 
ing management pack. In this case, after the second 
VOBU reproduction in the PGC#2, the menu image is 
superimposed onto the video data being displayed. Dur- 
ing that display, the user's operations by the highlight 5 
processing is possible. 

[0208] As the menu image 1 is managed by the button 
state transfer table in Fig. 23, transfer of the button se- 
lection by an arrow key is prohibited for upward move- 
ment concerning the buttons 1 and 2, and downward 
movement concerning the button 3. This is because "0", 
which shows prohibition of transfer of the button selec- 
tion, is set for the neighboring button information shown 
in Fig. 14 (more specifically, for the button number 
above the button 1 and button 2, respectively, and the 
button number below the button 3). 
[0209] In Fig. 23, the "button 5" for showing the next 
menu is stored as an entry of the "button 4 in the select- 
ed state" and "'downward movement' of the arrow key 
transfer information". The column of "mineral key allow- 
ance" shows that the buttons 1-4 can be selected with 
numeral keys by the numeral key allowance flag, but the 
button 5 can be selected only with the downward move- 
ment of the arrow key from the button 4. In other words, 
the buttons 1-4 are used for continuing development of 
the story, and the button 5 is used for switching page 
menus. Therefore, it is possible to use operation keys 
on the remote controller according to the contents of the 
menu and meaning of the buttons for every scene. 
[0210] Moreover, in the "selected=activated" column, 
only the button 5 has "yes". By the downward movement 
of the arrow key from the button 4 in the selected state, 
the activation processing automatically starts. At this 
time, "Link PGC#3" set as a button command of the but- 
ton^ is executed. In this way, without pressing down the 
activation key, it is possible to branch to the scene 3 from 
the middle of the reproduction of the scene 2. Therefore, 
when the "selected=activated" flag is set. the reproduc- 
tion apparatus substitutes the operation of pressing 
down the activation key. The "selected=activated M state 
flag is a set of auxiliary management data for substitut- 
ing the user's operations. 

[0211] In the buttons 1-4, branch instruction to differ- 
ent PGCs (Link instruction) are stored, which makes it 
possible to realize interactive branch to the image de- 
sired by the user. 

Call of a System Menu and Return 

[0212] The following explanation is about operations 
for calling the system menu and returning to the original 
scene during the reproduction of the PGC#2 in Fig. 36. 
Fig. 37 shows only the PGC#2 in Fig. 36. In Fig. 37, for 
the explanatory convenience, the PGC#2 is supposed 
to be made of one VOB. 

[0213] In VOBU#2, the menu image 1 by the sub-pic- 
ture data is stored in the sub-picture pack. In this case, 
as shown by (2), a DSI packet in each management 
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pack in the highlight section stores a start address of the 
VOBU #2 shown by (3) as return address. 
[0214] Here, suppose that at (1) in Fig. 37, in other 
words, during the reproduction of the VOBU#6, the 
MENU key on the remote controller is pressed. 
[0215] At this time, the reproduction control unit 937 
interrupts the reproduction of the PGC#2, and as it is in 
the highlight section, stores the return address set in the 
DSI packet in the management pack of the VOBU#6 into 
the buffer memory in the system state management unit 
935. This return address is the start address of the VO- 
BU#2. Moreover, the reproduction control unit 937 
stores the system state such as the button number being 
in the selected state at that time. 

[0216] After that, the reproduction control unit 937 
controls reproduction of the system menu. 
[0217] When the system menu is completed, the re- 
production control unit 937 returns to the original system 
state, and resumes the reproduction from the VOBU#2 
specified by the return address. 

[0218] As mentioned above, even if the sub-picture 
data is prior to the highlight section or stored at the lead- 
ing of the highlight section, after temporarily calling the 
system menu during the reproduction of the highlight 
section, it is possible to return to the menu which was 
displayed when the reproduction was interrupted. 
[0219] As is already explained, the multimedia disc 
and its reproduction apparatus of the present embodi- 
ment readily realize responsive interactiveness. 
[0220] In the present embodiment, even if there is no 
user's branch designation by the user in the middle of 
reproduction, automatic branching occurs so that a 
menu which does not interrupt the course of interruption 
can be realized. 

[0221] In the present embodiment, when there is no 
activation operations by the user, the button being se- 
lected by the user at that time is automatically activated 
so that the reproduction keeps going on. Moreover, the 
automatic activation button can be a button which is pre- 
activated by an application creator or can be a button 
selected by a user. In the present embodiment, by set- 
ting two types of buttons, one of which can be selected 
by numerals and the other cannot, misoperations by the 
user can be prevented. Even if all the buttons are simply 
managed by button numbers, due to this function, nu- 
meral keys and arrow keys can be jointly used for input. 
[0222] In the present embodiment, by setting a "se- 
lected=activated" flag, it is possible to reduce the two- 
fold operations comprising selection and activation into 
a single operation. 

[0223] The present embodiment makes it possible to 
reproduce a system menu or other applications in the 
course of the reproduction of an interactive application. 
[0224] The highlight information in the present em- 
bodiment can be categorized into two types in view of 
the functions: button management data for responding 
to the user's operation applied onto the button on the 
menu; and auxiliary management data for substituting 
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the user's operations applied onto the menu. The exam- 
ples of the auxiliary management data are the button 
selection end time, the forcedly activated button 
number, the numeral selection possible button number, 
and the sub-picture return address that are shown in Fig. 
1 3, and the "selected=activated , ' flag in Fig. 1 4. The but- 
ton management data corresponds to other highlight in- 
formation. 

[0225] In the present embodiment, numeral keys are 
used for selecting buttons, but they can be used for de- 
termining buttons. In such a case, in the flow in Fig. 33, 
Step 258 (activation processing) should start right after 
Step 253. At this time, in the auxiliary management data, 
the numeral selection possible button number should be 
regarded as the numeral activation possible button 
number. Moreover, the "selected=activated" flag works 
only for arrow keys (refer to Fig. 33). Moreover, if all the 
numeral keys are the buttons which can be activated by 
numerals, there will be a huge damage when the user 
miscperates the buttons, because the buttons selected 
by the user will be immediately put into the activated 
stais. Therefore, by setting the numeral selection pos- 
sible button number, in other words, by distinguishing 
the buttons which can be activated by the numerals with 
other buttons, the damage can be reduced. 
[0226] In the present embodiment, each of the but- 
tons which can be selected by numeral keys is assigned 
the button number out of the numeral range from "1 " to 
"the numeral selection possible button number. How- 
ever, other methods of setting the buttons may be pos- 
sible. For example: it is possible to set an offset value 
in the highlight general information. If the offset value is 
"3" and the numeral selection possible button number 
is "5", the five buttons having "4" to "8" can be selected 
by numerals. 

[0227] In the present embodiment, the optical disc is 
the DVD. However, as long as a large amount of digital 
moving picture data can be stored, other media can sub- 
stitute for the DVD. Moreover, the same effects as the 
ROM can be obtained from an EPROM. 
[0228] The media are not necessarily have to be in- 
formation storage media like optical discs. So long as 
image information and its control information can be in- 
terleaved into the medium, the media may be wireless 
transmission media like broadcasting or wired transmis- 
sion media like communication line. Here, examples of 
the transmission media are telephone lines, internet, 
LAN, and satellite broadcasting. As the video objects of 
the present embodiment are a type of MPEG data called 
"system stream", in the case of the above mentioned 
transmission media, the video object will be transferred 
as transport stream into which the system streams are 
multiplexed. In the present embodiment, a video object 
stored in a different position on the disc is selected as 
the branch destination in the menu. On the other hand, 
in the case of the transport stream, what is selected as 
the branch destination is an other system stream which 
is multiplexed into the transport stream. In this case, in- 



stead of the motor 81, the light pickup 82, and mecha- 
nism control unit 83, the reproduction apparatus should 
have a reception unit for receiving the transport stream. 
[0229] In the present embodiment, the digital moving 

5 picture data under MPEG2 is used for the moving pic- 
ture data. However, other kinds of moving picture data 
such as the digital moving picture data under MPEG1 
and the digital moving picture data with a conversion al- 
gorithm other than DCT (Discrete Cosine Transform) 

10 under M PTEG may be used as far as the moving picture 
data can be the mu Itimedia data with the audio data and 
the sub-picture data. 

[0230] In the present embodiment, while the men u by 
the sub-picture data is being displayed, branch to the 

15 system menu occurs by the user's pressing down the 
MENU key, and return to the original menu display oc- 
curs by the user's same operation. The call of the system 
menu may occur while a caption by the sub-picture data 
is being displayed. In such a case, Step 261 in Fig. 34 

20 determines whether the caption by the sub-picture is be- 
ing displayed or not. 

[0231] In the present embodiment, the management 
packs are included in every GOP, which is the unit of 
reproducing moving picture data. However, if the meth- 

25 od for compressing digital moving pictures changes, the 
unit of the management information pack changes ac- 
cording to the compression method. 
[0232] In the present embodiment, the return address 
of the sub-picture data was stored in the DSI packet. 

30 However it can be stored in the PCI packet. 

[0233] The management packs for storing highlight 
information should not necessarily be included in every 
VOBU. They should be included in, for example, every 
1/30 second of picture frame unit, which is smaller syn- 

35 chronous unit of picture reproduction than 0.5-1 .0 sec- 
ond. 

[0234] In the present embodiment, one VOBU in- 
cludes one GOP. However, one VOBU can include a plu- 
rality of GOPs. In order to realize interactiveness char- 
40 acterized by excellent responsiveness, reproduction 
time of the moving pictures should be less than one or 
two seconds. In this case, the management pack is 
placed at the lead of the GOPs, storing effective repro- 
duction management information for the GOPS. 

45 

Method of Producing an Optical Disc 

[0235] The following is a simplified explanation of the 
construction of an optical disc in the embodiment of the 
50 present invention. 

[0236] Fig. 38 shows a flowchart for the manufactur- 
ing process of the optical disc in the present embodi- 
ment. 

[0237] First, the data in the volume area shown in Fig. 
55 6 is generated by a logical data stream generation ap- 
paratus (Step 191 ). This logical data stream generation 
apparatus uses multimedia data editing software on a 
personal computer or workstation andean generate vol- 
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ume data of the data construction shown in Fig. 6. This 
volume data is recorded onto a transfer medium, such 
as magnetic tape, and is then converted into a physical 
data stream by a physical data stream generation ap- 
paratus. (Step 192). This physical data stream includes 
an ECC (error checking code), data for the lead-in re- 
gion, dataforthe lead-out region and the like, in addition 
to the volume data. A master disc cutting process then 
cuts a master disc for the optical discs using this phys- 
ical data stream (Step 193). Finally, optical discs are 
manufactured from the master disc by a pressing appa- 
ratus. 

[0238] Conventional CD manufacturing machines 
may be used for manufacturing the above-constructed 
optical disc except a part of logical data sequence relat- 
ed to the data construction of the present invention. 
Concerning this point, please referto Heitaro Nakajima 
and Hirosi Ogawa: Compact Disc Dokuhon, Ohmu Ltd. 
and Applied Physics Society Optics Meeting: Optical 
Disc System, Asakura Shoten. 

[0239] Although the present invention has been fully 
described by way of examples with reference to the ac- 
companying drawings, it is to be noted that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
present invention, they should be construed as being 
included therein. 



Claims 

1 . A machine-readable recording medium comprising: 

a data area including a plurality of video ob- 
jects, each video object having a plurality of da- 
ta units, which include moving picture data, 
sub-picture data and control data to be effective 
within a time period in which the corresponding 
moving picture data is reproducible, the sub- 
picture data including a menu-image; and 
the control data including address information 
which shows a storage position of an initial data 
unit, out of the plurality of data units, necessary 
to provide the menu-image when the menu-im- 
age is displayed and a branching operation is 
performed from the menu-image. 

2. A reproduction apparatus for reproducing data in- 
cluding a plurality of video objects, each video ob- 
ject having a plurality of data units, which include 
moving picture data, sub-picture data and control 
data to be effective within a time period in which the 
corresponding moving picture data is reproducible, 
the sub-picture data including a menu image and 
the control data, including address information 
which shows a storage position of an initial data unit 
out of the plurality of data units, necessary to pro- 
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vide the menu image, when the menu image is dis- 
played and a branching operation is performed from 
the menu image, 

the apparatus comprising: 

reading means for reading the data; 
decoding means for decoding the data to repro- 
duce a menu image; 

receiving means for receiving a user input in re- 
sponse to the menu image; 
branching means for branching to another im- 
age in response to the user input during repro- 
duction of an object other than the initial object; 
storage means for storing the address informa- 
tion necessary to provide the menu image upon 
execution of the branching image; and 
a resume means for resuming reproduction of 
the menu image based on the stored address 
information. 

A reproduction apparatus for a disc having a data 
region for storing data, including a plurality of video 
objects, each video object having a plurality of data 
units, which include moving picture data, sub-pic- 
ture data and control data to be effective within a 
time period in which the corresponding moving pic- 
ture data is reproducible, the sub-picture data in- 
cluding a menu image; and 

the control data including address information, 
which shows a storage position of an initial data 
unit out of the plurality of data units, necessary 
to provide the menu image, when the menu im- 
age is displayed and a branching operation is 
performed from the menu image, 
the reproduction apparatus comprising: 

a reading means for reading the data from 
the disc; 

a memory for storing the read data; 
a reproduction means for reproducing the 
moving picture data and sub-picture data 
read by the reading means and outputting 
the moving picture data and sub-picture 
data as a video signal for display; 
a receiving means for receiving a user's in- 
put in response to the menu image; and 
a control means comprising: 

a detection means for detecting when 
a branch operation, from a present dis- 
play of the menu image, to a temporary 
reproduction of another object is re- 
ceived; 

a call means for storing the address in- 
formation to provide the menu image 
and designating the reproduction 
means to reproduce the other object 
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when the branch operation is detect- 
ed; and 

a resume means for resuming repro- 
duction of the menu image based on 
the stored address information after 5 
the reproduction of the other object is 
completed. 

A reproduction apparatus for reproducing a data 
stream, including a plurality of video objects, each 10 
video object having a plurality of data units, which 
include moving picture data, sub-picture data and 
control data to be effective within a time period in 
which the corresponding moving picture data is re- 
producible, the sub-picture data including a menu 15 
image; and 

the control data including address information 
which shows a storage position of an initial data 
unit out of the plurality of data units, necessary 20 
to provide the menu image, when the menu im- 
age is displayed and a branching operation is 
performed from the menu image, 
the reproduction apparatus comprising: 

25 

an input means for inputting the data 
stream; 

a memory for storing the input data stream; 
a reproducing means for reproducing the 
moving picture data and sub-picture data 30 
read by the input means and outputting the 
moving picture data and sub-picture data 
as a video signal for display; and 
a receiving means for receiving a user's in- 
put; 35 
a control means comprising: 

a detection means or detecting when 
a branch operation, from a present dis- 
play of the menu image, to a temporary 40 
reproduction of another object is re- 
ceived; 

a call means for storing the address in- 
formation to provide the menu image 
and designating the reproduction 45 
means to reproduce the other object 
when the branch operation is detect- 
ed; and 

a resume means for resuming repro- 
duction of the menu image based on so 
the stored address information after 
the reproduction of the other object is 
completed. 

A method for reproducing data including a plurality 55 
of video objects, each video object having a plurality 
of data units, which include moving picture data, 
sub-picture data and control data to be effective 



within a time period in which the corresponding 
moving picture data is reproducible, the sub-picture 
data including a menu image and the control data, 
including address information which shows a stor- 
age position of an initial data unit out of the plurality 
of data units, necessary to provide the menu image, 
when the menu image is displayed and a branching 
operation is performed from the menu image, 
the method includes the steps of: 

reading the data; 

decoding the data to reproduce a menu image; 
receiving a user input in response to the menu 
image; 

branching to another image in response to the 
user input during reproduction of an object oth- 
er than the initial object; 
storing the address information necessary to 
provide the menu image upon execution of the 
branching operation; and 
resuming reproduction of the menu image 
based on the stored address information. 
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